Introduction. -The first (theoretical) attempts to study 10 He were undertaken in the end of 60-th [1] . Nevertheless, 10 He remains relatively poorly studied system. Since it became clear that 10 He is nuclear unstable [2] and ground state properties of 9 He were defined [3, 4] it became possible to predict theoretically the ground state of 10 He as a narrow three-body resonance (E ∼ 0.7 − 0.9, Γ ∼ 0.1 − 0.3 MeV [5] ) with valence neutrons populating mainly [p 1/2 ] 2 configuration. These predictions were soon confirmed experimentally: E = 1.2(3), Γ < 1.2 MeV [6] , E = 1.07(7), Γ = 0.3(2) MeV [7] , and E = 1.7 ± 0.3 ± 0.3 MeV [8] .
A new possible understanding of 10 He was proposed after existence of a virtual state in 9 He was shown in [9] (suggested limit for scattering length a < −10 fm). With such an attractive s-wave interaction a narrow nearthreshold 0 + state (E = 0.05, Γ = 0.21 MeV) with structure [s 1/2 ] 2 was predicted in 10 He in addition to [p 1/2 ] 2 0 + state calculated to be at about 1.7 MeV [10] . Concerning evident discrepancy with experimental data the author of [10] suggested that the ground state of 10 He just had not been observed so far and the state at ∼ 1.3 MeV is actually the first excited. However, no possible explanation was proposed in Ref. [10] for which reason the [s 1/2 ] 2 g.s. was missed in experiments. In the recent experiment on the Dubna radioactive beam facility ACCULINNA the low-lying spectrum of 9 He was revised, providing higher than in the previous studies position of p 1/2 state. A broad p 1/2 state was observed at about 2 MeV by Golovkov et al. in Ref. [11] instead of p 1/2 -p 3/2 doublet of narrow states at 1.27 and 2.4 MeV as in Refs. [3, 4, 7] . This experiment also claim a unique spin-parity identification below 5 MeV. Presence of the s 1/2 contribution is evident in these data, but exact nature of this contribution is still unclear, whether it is virtual state with considerably large negative scattering length a or just a smooth nonresonant cross section. This new data should have a strong impact on the calculated properties of 10 He, which inspired us to "revisit" the issue. In contrast with approach of [10] , which provided only energies and widths for the states, we are interested in observable consequences of [s 1/2 ] 2 and [p 1/2 ] 2 states "coexistence" in the 10 He spectrum. We study the question in theoretical model, which is schematic but has definite relevance to real possible reaction mechanisms of population of the 10 He continuum. Theoretical model. -In our approach we generally follow the prescription of [5] only with appropriate modification of potentials. For core-n subsystem from the set of potentials tested in this work we selected one (denoted there as "I2"); other choice do not change qualitatively the result and quantitatively is quite close. The potential is parameterized by Gaussian formfactors In the n-n subsystem the realistic GPT potential [12] is used.
To study qualitatively possible influence of the reaction mechanism we follow the approach of paper [14] to exotic 5 H system. We introduce a compact source func- tion Φ(ρ, Ω ρ ) in the right hand side of the three-body Schrödinger equation and solve the inhomogeneous system of equations
for pure outgoing wave boundary conditions (coordinates are shown in Fig. 1 ). The hyperradial components χ
Kγ (ρ) of the WF (value K max truncates the hyperspherical expansion)
K+3/2 , with asymptotic exp(iκr), κ = √ 2M E, describing the partial outgoing waves for hyperspherical equations.
We used two different sources. One is "narrow" with a Gaussian formfactor
where ρ 0 = 4.1 fm provides the source rms radius ρ = 5 fm. This is a typical radius for the "reaction volume" with ordinary nuclei. This kind of source has a "generic" character; there is no selectivity and various components of the WF are populated. This is not very realistic, but guarantees that important peculiarities of the continuum WF are not missed. This approach is analogous to the approach of Ref. [13] [see Eq. (2) approximated as a sudden removal of proton from 9 Li core, the source term Φ(ρ, Ω ρ ) should contain the Fourier transform of the overlap integral between the 8 He WF Ψ8 He , spin-isospin function of the removed proton χ p and the 11 Li wave function over the radius-vector r between the removed proton and the center-of-mass of 10 He (see Fig. 1b ):
In general, this quantity should be a complicated function of the vector of the recoil momentum q, transferred to the 10 He system in the proton removal process. However, if the reaction energy is large and the internal energy of 10 He is small this dependence could be neglected. Formal details of the approach can be found in [14] . It can be shown that partial hyperspherical components of the source function are well approximated by the corresponding hyperradial components of 11 Li WF. Thus, this type of calculations is further referred as " 11 Li source". The 11 Li WF was taken from analytical parameterization [15] taking into account broad range of experimental information on this nucleus. The s 2 and p 2 configurations are populated by the 11 Li source with almost equal probabilities. The rms radius of such source function ρ = 8.5 fm is enormous compared to typical nuclear sizes.
The cross section for population of the 10 He continuum is proportional to the outgoing flux of the three particles on a hypersphere of some large radius ρ = ρ max :
The cross section convergence with the increase of the hyperspherical basis size is demonstrated in Fig. 2 . The exponential convergence trend predicts that the result should converge some 40-60 keV below the K max = 14 curve. For calculations of this work we chosen K max = 10 which is close to converged result and has sufficient precision for our, mainly qualitative, studies. Calculations. -With the described model we first of all reproduce the results of Ref. [5] (Fig. 3, solid curve) . The evolution of cross section with decrease of p-wave interaction from the value adopted in [5] to a value providing the 9 He g.s. at about 2 MeV is shown in Fig. 3 for the narrow source function.
The evolution of cases with different p-wave interactions with increase of the s-wave interaction is shown in Fig. 4 for the narrow and broad source functions. The following facts should be noted: (i) The narrow ground state in 10 He is not significantly sensitive to the reaction mechanism [ Fig. 4 5 shows the results of the 3 → 3 scattering calculations (see Ref. [13] for details of approach on example of 5 H nucleus). Three body Hamiltonian here is the same as in Fig. 4c ,f. Three different values defined in these calculations (diagonal 3 → 3 scattering phase shifts, first diagonalized phase shift, and internal normalizations for scattering WF) indicate that peculiarity in the 3 → 3 scattering S-matrix is located at about 2 MeV. This value can be regarded as real position of 10 He g.s. while difference between Figs. 4c and 4f characterize the scale of uncertainty imposed by reaction mechanism in this case.
(ii) For relatively strong s-wave interaction in 8 He-n subsystem (namely such that scattering length a < −5 fm), we unavoidably (means independently on the structure and reaction mechanism details) get a sharp peak in the cross section with energy less than 0.3 MeV and dominating [s 1/2 ] 2 configuration. This low-energy peaks could hardly be consistent with the experimental data [6] (e.g. Fig. 6 , dashed curve). For that reason we would impose theoretical limit a ≥ −5 fm, which reliability is limited only by quality of the experimental data [6] . (iii) The experimental cross section peaked at about 1.2 MeV could be consistent with some range of p-wave interactions for 11 Li source [ Fig. 4 , (e)-(f)]. This, however, is possible only for quite weak attractive part of s-wave potential: V 0 c > −20 MeV. For such value of parameters the s-wave interaction is in general still effectively repulsive (due to a large repulsive core). This limitation is even more stringent then that in item (ii). These theoretical limits, are in a strong contradiction with the upper limit for scattering length (a < −10 fm) imposed in experiment [9] . This contradiction should be considered seriously as conclusions of Ref. [9] strongly rely on quite complicated theoretical interpretation as well. There is no contradiction between our result and data [11] where a lower limit a > −20 fm for scattering length is given.
Discussion. -It was proposed in Ref. [10] that the observed so far state of 10 He is not the ground but the first excited state with [p 1/2 ] 2 structure while the ground 
Phase shifts (dgr) 2 component of the 0 + state is quite stable when the s-wave attraction is increased. However, for extreme cases of s-wave attraction this contribution becomes much broader and in general "lost" on a thick right "tail" of the [s 1/2 ] 2 g.s. By certain mathematical procedure (e.g. as it was done in [10] ) it is possible to extract properties of [p 1/2 ] 2 component as a distinct narrow state also in this situation. However, the schematic calculations taking even approximate care about reaction mechanism shows that from real data it would be practically impossible.
Several theoretical spectra of 10 He are provided in Fig.  6 on top of the experimental data Ref. [6] . Theoretical curves are convoluted with energy resolution of experiment which is parameterized as ∆E = 0.7 √ E (∆E is FWHM). The calculation with 9 He subsystem having p 1/2 g.s. at about 2 MeV is most consistent with the data. However, some other cases (e.g. with 9 He g.s. at 1.2 MeV from Fig. 4b,e) can not be excluded. Thus, the information on 10 He spectrum itself may not be sufficient to define its properties. It should be used in conjunction with reaction model and reliable information on 9 He properties.
The situation with unclear reaction mechanism can be resolved by experiment with different reaction mechanism. two excited states were observed in [7] . Our calculations, however, are hardly possible to make consistent with its results. The small width of the g.s. obtained in this work (300 keV at 1.07 MeV of excitation) is not reproduced in any of our calculations.
The partial decompositions of the cross section given in Fig. 7 2 component (mainly K = 2) change when we switch from the narrow to the broad source. In the first case both contributions has broad peak at about 2.5-3 MeV while in the case of 11 Li source the contributions become split (although not enough to make them distinguishable in the invariant mass spectrum of 10 He). The recent experience of the 5 H system studies [16, 17] shows that such picture could be decomposed in analysis of correlation data obtained in certain experimental technique (transfer reactions in "zero geometry").
The question can be raised, how reliable is the statement that for p 1/2 state in 9 He at about 2 MeV we can not get a state in 10 He at 1.2 MeV straightforwardly. In Table I we list paring energy for valence neutrons calculated for 10 He in different theoretical approaches. With Concerning comparison with experimental data: (i) Calculations with large negative scattering length (e.g. a < −5 fm) in core-n subsystem are not consistent with experimental data. In any calculated case we obtain for such situation a single narrow peak below 0.5 MeV which could have hardly been overlooked in experiment [6] .
(ii) Observation of quite a broad peak at about 1.2 MeV in Ref. [6] could be explained by a specific mechanism of the chosen reaction induced by 11 Li (namely the huge size of neutron halo in 11 Li). For 10 He ground [p 1/2 ] 2 state located at E ≥ 2 MeV this leads to a strong enhancement of the low-energy transition strength even without any significant attraction in s-wave. As a result, the peak in the cross section may be shifted to a lower energy (e.g. ∼ 1.2 MeV). (iii) The existing experimental data do not allow unambiguously establish the "real" g.s. position for 10 He. Alternative experiments (relative to those utilizing 11 Li beams) are desirable. Further clarification of controversy with the 9 He spectrum is indispensable for theoretical understanding of the 10 He properties.
